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Introduction 
The application of electron paramagnetic resonance ( EPR) spectroscopy 
t o  adsorbed molecules has proved the  existence of cer ta in  rad ica l  species 
that may be intermediates i n  chemical reactions.  
primarily on adsorbed polynuclear organic compounds .lm3 
of oxygen on zinc oxide has been r e p ~ r t e d ; ~  however, the par t icu lar  oxygen 
The ear ly  studies were 
An investigation 
rad ica l  was  not conclusively ident i f ied.  The formation of surface para- 
magnetic centers by Y-irradiation of degassed MgO has been recently r e -  
ported by Nelson and Tench.5 This type of center, termed an S center, 
i s  thought t o  be an electron trapped a t  a surface anion vacancy. The S 
centers as w e l l  as a reddish-blue color are  rapidly destroyed upon exposure 
*.-L 
t o  oxygen. We have observed a similar phenomenon w i t h  MgO following u l t r a -  
v i o l e t  i r r ad ia t ion  and, i n  addition, have observed the spectrum of an 
oxygen rad ica l  ion that i s  formed on adsorption. 
separately.6 
rad ica l  ions when adsorbed on the i r radiated surface. 
here w e  have observed the  EPR spectrum of C02 adsorbed 09 ultra..Ticlet- 
i r rad ia ted  MgO. The spectrum of adsorbed CO2 i s  compared w i t h  the  EPR 
spectrum of the  COS rad ica l  ion t h a t  Ovenall and Whiffen' have analyzed i n  
some de ta i l .  
This i s  t o  be reported 
It was of i n t e r e s t  t o  see i f  other gases would a l so  form 
L " 
In the work reported 
b 
i 
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Experimental 
The MgO used i n  this  experiment w a s  prepared from reagent grade powder. 
Most of the data were taken on samples tha t  had been iqregEated w i t h  
0.0035 percent Fe as FeC13 or Fe(N03)~ and on the or iginal  powder tha t  con- 
tained about 0.0010 percent Fe. The powder was boiled i n  water for  several  
hours, extruded in to  pe l l e t s  with a hy-podermic syringe, and dried i n  air  a t  
100' C. Degassing was carried out by heating the pe l l e t s  t o  800' C i n  a 
vacuum fo r  several hours. A l l  the samples were then i r radiated for  16 h r  
by using a l o w  pressure mercury lamp with an intensi ty  of 60 pW/cm 2 a t  
2537 A. 
Electron paramagnetic resonance data were obtained with a Varian spec- 
trometer operating a t  a cavity resonance frequency of 9100 Mc/sec. 
nuclear magnetic resonance (IVMR) type gaussmeter w a s  used t o  monitor the 
A 
magnetic f i e l d  continuously. The g-values were obtained by comparison 
with the  value fo r  a,a-diphenyl p-picryl hydrazyl (DPPH) t ha t  was placed 
on the outside of the quartz tube containing the MgO sample. 
of the DPPH was taken as 2.0036. 
The g-value 
After u l t rav io le t  irradiation, the sample was checked for  the para- 
magnetic center and the v io le t  color. When these were present, C02 was 
admitted t o  the  sanple a t  a pressure of about 100 t o r r  and a t  room tempera- 
ture. 
several samples i n  an e f fo r t  t o  observe the C I 3  hyperfine spectrum tha t  
A mixture of 57 percent Cl3O2 and 43 percent C1202 was adsorbed on 
could 
by freezing the C02 a t  77' K and pumping off any residual oxygen. 
be used t o  ident i fy  the radical species. The mixture was purif ied 
Spectra were a l so  obtained for unirradiated MgO t ha t  had been degassed 
and exposed t o  C02.  
.. 
3 
Results 
After several  hours of ul t raviolet  i r rad ia t ion  the v io l e t  color of the 
sample begins t o  appear, and the EPR spectrum shown i n  Fig. 1 was observed. 
This spectrum of the center, which we will designate an S '  
the  g-values shown i n  the figure and l i s t e d  i n  Table I. The EPR transi- 
t i o n  can be saturated w i t h  a moderete mmnt of microwave power (approxi- 
mately 3 mW). The paramagnetic species i s  f a i r l y  s tab le  through 100' C, 
but heating to 200' C for  30 min reduces the intensi ty  of the derivative 
curve by 90 percent. 
spectrum was enhanced by a factor of 2 by adding the 0.0035 percent Fe as 
FeC13 or Fe( NO3 ) 3. 
center, has 
It was fur ther  observed tha t  the intensi ty  of the 
Upon exposure t o  C02, both the S' center spectrum and the v io le t  
color disappear, and the new derivative spectrum shown i n  Fig. 2 appears. 
The g-values of this new spectrum was also l i s t e d  i n  Table I. Adsorp- 
t i on  of C02 enriched t o  57 percent C13 results i n  two rather  broad hy-per- 
f ine  l i n e s  symmetrically disposed on each side of the C1202 spectrum. 
The amplitude of the hy-perfine l i nes  is  l e s s  than one-tenth of the ampl i -  
- 
tude of the central  l ine ,  which is  associated with the 47 percent C 12 02. 
Values fo r  the hy-perfine coupling constants a r e  l i s ted  i n  Table 11. 
The S f  center is  destroyed by a p a r t i a l  pressure of oxygen i n  the 
C02 as low as 
generate the S' 
vacuum and i r rad ia t ing  with u l t rav io le t  l i gh t .  
t o r r ,  and no C02 spectrum can be detected. One can re- 
center, however, by again heating the sample t o  800' C i n  
Discussion 
Ultraviolet  l i g h t  with an energy of 4.9 eV apparently promotes elec- 
trons i n t o  t raps  tha t  ex is t  on the surface of the degassed M g O .  The re -  
4 
c 
su l t ing  EPR spectrum, shown i n  Fig. 1, i s  character is t ic  of a center having 
rhombic symmetry. The s imilar i ty  i n  the g-value of the S' center t o  the 
g-value of the S center5 and the annealing behavior of the cezters indi-  
cate that  they are related; t ha t  is, both centers are electrons trapped a t  
a surface defect. The S center, however, does not have rhombic symmetry. 
If the S' center was an electron trapped a t  an anion-cation vacancy pair 
existing i n  the plane of the surface, rhombic symmetry would be sa t i s f ied .  
One symmetry axis would be along the  vacancy pa i r  and the other axis would 
be perpendicular t o  the surface. 
F2 center (an electron trapped a t  an anion-cation vacancy pa i r )  reported by 
Wertz, e t  al.8 has a g-value of 2.0008f0.0002 and a f a i r l y  long relaxation 
t i m e .  
magnetic center on the surface of the MgO is  an electron trapped a t  an 
It should be pointed out t ha t  the bulk 
We sha l l  assume fo r  t h i s  paper t ha t  the irradiation-induced para- 
anion-cation vacancy pa i r  i n  the  plane of the surface. The concentration 
of the cation vacancies i s  undoubtedly enhanced by the t r i va l en t  i ron ion 
through charge c o m p e n s a t i ~ n , ~ , ~ ~  but the mechanism by which the anion 
vacancies are formed i s  not presently known. 
A comparison of the g-values f o r  the spectrum of C02 adsorbed on 
u l t rav io le t  i r radiated MgO with the spectrum of CO; rad ica l  ions i n  
7-irradiated sodium formate (NaCOOH) single crystals  shows that within 
experimental error  there i s  complete agreement. As a r e su l t  of the simi- 
l a r i t y  i n  the spectra and the analysis by Ovenall and Whiffen of the 
s t ructure  of the CO; rad ica l  ion, we conclude tha t  C02 adsorbs on i r radiated 
MgO as a planar rad ica l  ion shown i n  Fig. 3. The three g-values corre- 
spond t o  three orientations of the magnetic f i e l d  with respect t o  the CO; 
1 
2 
~ 
. 
5 
L 
radiealt .  (I> for g, t h e  m g m t i c  f3eU i s  p a r a l l e l  t o  the symmetry axis  
of the ion, (2; fsr g, the n;agr,et?- fLeld is perpendzcuiar t o  the symmetry 
axis and t o  the COS plane3 a d  13) fer 
cular t o  the s m e t r y  axis  and pa ra l l e l  t o  the CC; plane. 
ent  g-values 
ra ther  than a l i nea r  a t r u c t z e ,  
constants t o  show t h a t  the impaired elec+,ron i n  20; 1s primarily i n  a 
pseudo 
of the 0 C 0 angle, 
rad ica l  ion on MgO i s  somewhat greater than for 302 fr, 
degree of anisotropy i s  about the same. ?hir InS-fcates t ha t  the Fermi 
contact term, a measure of the 
s l i gh t ly  la rger  fo r  the  rad ica l  ion on M g C -  
show t h a t  the 0 C 0 angle i s  134' i n  agreement wf%h the 0 N 0 angle i n  
NOz, which i s  an iso-electronic molecule w i s h  the  Xi radical ,  
gy thc, xagietfc f i e l d  is  pei-pendi- 
.%e three d i f f e r -  
sapport the concept of a bezt s t rwt r r re  fo r  %he rad ica l  ion 
07;Ec-al; az2 h2Lffc-r- s e  the  - 13 coupling 
z-antibondire o rb i t a l  t h a t  projects alorrg she external bisector  
The magni%ude of t he  couplirg constants for  the COG 
Xa COOH, bu t . t he  
- 
S-character of the molecular orb i ta l ,  is  
Ovenall an2 Whfffen fur ther  
%ne EPF. spectrum of carbon dioxide on unirra5,iated MgO shows no CO; 
rad ica l  ions. Magnesium oxide i s  a good electrical insulator ,  which means 
t h a t  there  ex i s t s  a wide forbidden region and there a re  EO f i l l e d  electron 
or hole t r aps  near the  eonduczion or valence bar,2!, 
provides e n e r a  for  excit ing electrons t o  thece i n t r i n s i c  defects on the  
surface where the energy fs stored as a trapped e l e c t r o n o  
of a CO2 molecule by a charge transfer offers  than a path fo r  some of t h i s  
stored energy t o  be released. 
ions can be detected on the surface of metals where the work function is  
much lower. 
The d t r a v i o l e t  l i g h t  
Fho adsorption 
1% w2ll be ini,erest.ing t o  see if such r ad ica l  
. 
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a Only one apparent g-value was reported fo r  these centers 
since the anisotropy is  of the same magnitude as the l i n e  
width. 
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Figure 1. - S' spectrum of ultraviolet irradiated magnesium oxide. 
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Figure 2 - EPR spectrum of carbon dioxide adsorbed on ultraviolet irradiated magnesium 
oxide. 
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Figure 3. - Model for CO, formation 
on irradiated magnesium oxide 
from EPR data. 
